Introduction
Coagulase-negative staphylococci (CNS) are well established members of the normal flora of human skin' but are also evident in infection associated with indwelling catheters or prostheses. Control of such infection with the topical antibiotic Mupirocin (SmithKline Beecham) has been in~estigated.'~~ Although the rate of resistance to mupirocin in CNS has been reported to be c. 3 O h 6 there are few reports of specific studies. We have been particularly interested in infection in patients undergoing continuous ambulatory peritoneal dialysis (CAPD) and have collected staphylococci from the skin, nose and exit site of these patients.',' In a continuing study of high-level resistance (MIC > 2000 mg/l) to mupirocin, we have examined staphylococci from CAPD patients collected during 1987. A number of isolates proved to be resistant although the patients were not known to have received this antibiotic. This paper reports studies on these resistant staphylococci.
Materials and methods

Staphylococci and cultural methods
Bacterial strains and plasmids are listed in table I. Species were identified by conventional tests and the API STAPH and ATB32 STAPH kits (API bioMkrieux, Basingstoke, Hants). Data on single isolates from patients A, By and V have been partially described in a previous paper. ' Strains were routinely cultured on Blood Agar Base (BAB; Oxoid). Sensitivity testing was performed on Mueller-Hinton Agar (Oxoid) with Oxoid sensitivity Received 11 Feb. 1993 
Resistance transfer
Resistance transfer was performed on filters and on the skin of hairless-obese mice as described previously.l0 Plasmid DNA was prepared from the staphylococci by the method of Wilson et al.ll and from Escherichia coli by alkaline 1ysis.l' DNA was purified by caesium chloride-ethidium bromide density gradient centrifugation by standard methods13 and plasmid profiles were analysed by conventional or pulsed-field gel electrophoresis.
Plusmid manipulation
Plasmid DNA was digested with restriction endonuclease from Gibco BRL (Paisley) according to the manufacturer's instructions and analysed by conventional or pulsed-field gel electrophoresis in agarose in TBE buffer as described previously. Standards were E. coli strain V517 for intact plasmids13 and 3, phage cut by Hind111 (Gibco BRL) for plasmid fragments.
Plasmids to be probed were digested with EcoRI, electrophoresed and transferred to a nylon membrane, either from Amersham (Slough, Berks) or Stratagene (Cambridge), according to the manufacturers' instructions.
Probe construction
Probe DNA was a 4.05-kb EcoRI fragment from an S. aureus plasmid14 cloned in E. coli JM 107 and was a The large plasmids could be transferred to S. aureus strains by filter mating or on mouse skin at rates between 1 x lo-* and 1 x except in the case of strain D2 with which no transfer was observed. Transconjugants, including that of strain A14E, were shown to possess a single large plasmid by both conventional and density gradient centrifugation except for the ByH( 1) transconjugant which showed a single "chromosomal " band. Strain D2 revealed bright " plasmid-like" bands on restriction endonuclease digestion of the original strain. All transconjugants plus the original D2 strain hybridised with the 4.05-kb probe from S. aureus at about 4 kb when the EcoRI restriction patterns were tested.
Four S. aureus isolates were available from patient F and 19 additional isolates from patient By, but none was resistant to mupirocin.
Discussion
It appears from table I that the seven patients yielding high-level mupirocin-resistant CNS carried distinct strains except, perhaps, for patients E and Bx, both of whom had an S. epidermidis strain resistant only to penicillin in addition to mupirocin and possessing only a single large plasmid. This might be regarded as rather tenuous evidence of cross-infection, but the restriction patterns shown in table I1 confirm that these single plasmids were indistinguishable and, in all probability, these represent a single strain. More surprising is the fact that the mupirocin resistance plasmids in the two S. epidermidis isolates from patient By differed and were also different from that in the S. capitis strain of that patient. Equally, the mupirocin resistance plasmids in the S. epidermidis and S. horninis strains of patient V differed, though there was very close similarity between the plasmids of S. capitis and S. hominis isolates from these two patients.
In all but one instance the plasmids were transferable, although in some cases at low frequencies, to S. aureus strains. Some rates were sufficiently high (1 x lo-'), to warrant the description of conjugative plasmid, these rates being typical of those for other mupirocin resistance plasmids, gentamicin resistance plasmids and others. lO, l5 One plasmid (strain D2) was detectable only by pulsed-field electrophoresis and, in this respect, resembled the original mupirocin resistance plasmid described in S. aureus' although the structure of the plasmid determined by EcoRI restriction patterns was quite different.
The probe used was a 4.05-kb EcoRI fragment from a plasmid in S. aureus shown to contain the entire mupirocin resistance gene which resembles, in some respects, the isoleucyl tRNA synthetase gene in E. coZi.14 In all instances, the probe hybridised with an EcoRI restriction fragment of the plasmids at c. 4 kb and it is probable that the resistance determinants were all the same. A great variety of structures has also been seen in mupirocin resistance plasmids in clinical strains of S. aureus' and, unless the determinant is a transposon, it is difficult to account for its presumed promiscuity .
As with other antibiotic resistance determinants it may be that the normal, CNS flora of the skin acts as a reservoir of mupirocin resistance genes which are available to S. aureus. The mupirocin-resistance rate in staphylococci not exposed to therapeutic mupirocin is not known for a general population, although we have reported previously mupirocin resistance in both S. aureus and S. epidermidis strains collected many years prior to the therapeutic use of the antibi~tic.~ This finding is important because of the resistance in potential opportunist pathogens such as S. epidermidis, which may cause half of the peritonitis seen in CAPD patients, and because the resistance determinants are carried on transmissible replicons which may spread to other pathogenic bacteria.
